
 

J. Basic. Appl. Sci. Res., 4(5)228-241, 2014 

© 2014, TextRoad Publication 

ISSN 2090-4304 
Journal of Basic and Applied  

Scientific Research 
www.textroad.com 

 

 
Corresponding Author: Muhammad Fiaz, Institute of Business & Management, University of Engineering and 

Technology, Lahore. Email: fiaz_42@yahoo.com  Phone number: +92-301-7608857 

Complexity Perspective on R&D Collaborations’ Sustainability 
 

Muhammad Fiaz, Asad Ilyas, Malik Zaka Ullah 
 

Institute of Business & Management, University of Engineering and Technology, Lahore 
Received: January 16, 2013 
Accepted:  March 31, 2013 

ABSTRACT 
 
The aim of this research paper is to delve into the intricacies of complexity enhancing uncertainties in 
Research and Development (R&D) alliances and peeps into the dynamics of such R&D relationships 
and their sustainability. Major incertitude, faced by project managers during R&D project execution in 
articulated R&D environment have been listed down based on both literature and empirical data. Due 
to rapid technological inventions, innovations’ life span is getting shorten. Internationalization and 
commercialization of R&D is another major challenge for business moguls. Joint R&D ventures have 
attained the attentions of business tycoons and project moguls to establish R&D collaborations to 
overcome such challenges. Enhanced trends to execute joint R&D projects have made R&D projects 
risk prone and complex. Epistemic uncertainties to these joint collaborations are considered seriously 
for R&D collaborations’ sustainability to achieve the collaborations’ objectives and avoid complex 
scenarios.  Literature survey built upon exiting work, new dimensions based on empirical results and 
21 expert’s opinions have provided the base to devise these epistemic uncertainty model.  This 
framework is helpful for the project magnates and R&D professionals to get rid of complex premises 
during joint R&D project executions. Responses were collected from Chinese’s project management 
firms, manufacturing and service industry, research institutes and universities with R&D background. 
Results of this empirical research have depicted that cultural complexity, poorly defined goals, 
methodological complexity, structural complexity, project size, improper communication among 
stakeholders, lack of trust and organizational complexities are major project management epistemic 
incertitude, faced by project managers and R&D professionals, doing R&D projects and R&D 
collaborations. These traits have been evaluated by respondents based on their experience and 
expertise. All these complexities have various magnitudes and intensity based on the respondents’ 
evaluation. Respondents were targeted from Chinese economy and selected from domains where R&D 
projects are in progress. This study is helpful for project managers and R&D professionals to access the 
complexity of joint R&D projects in order to sustain R&D collaborations for better management of 
R&D complexity. 
KEYWORDS: Project Complexity; R&D Collaborations; Project Management 
 

1. INTRODUCTION 
 

R&D collaborations have gained much attention during last few decades due to the reasons as; 
commercialization and globalization of R&D, neo-discoveries at very rapid rate, abrupt life span of 
new inventions, increased technological complexities in the field of construction, aeronautics, 
astronautics and other mega engineering projects. Policy makers and research entrepreneurs have 
turned their faces towards R&D collaborations. Growing popular literature on R&D collaborations has 
been revealed due to very great extent of research conducted in this arena. Partner’s technological 
capabilities [1, 2] exploiting opportunities by high technology firms [3] and capacities of small and 
medium firms [4] are factors which induce to ascertain R&D alliances. Empirically, it has been proved 
that the firms located in clusters (R&D Ecology) which are densely populated by other innovative 
firms in the same industry are innovative than firms located in clusters (R&D Ecology)  consisting of 
more non-innovative firms [5]. Stacey defined the management in organizations as ordinary 
management and extra-ordinary management. Ordinary management is to carry out day-to-day 
problem solving to achieve the organization’s established objectives, goal setting, goals evaluation and 
rational analytic process for employs’ evaluation. On the contrary, extraordinary management is 
required if the organization is to be able to transform itself in situations of open-ended changes [6]. 
R&D collaboration falls in second type of management where organizations increase their knowledge 

228 



Muhammad Fiaz et al., 2014 
 

 

spillover for neo-discoveries. Tending to contrast, academic institutes have played their prominent role 
in rapid innovations at national [7] and international level.  

Uncertainty has been narrated by Chapman and Ward [8] as inadequacy of certainty. This 
deficiency may be in term of variability or ambiguity.  Former is related with uncertainty due to lack of 
details in provided data, incomplete definitions and irrelevant experience. Lateral uncertainty includes 
all aspects, which have not been dealt in former uncertainty. Oddmund Granli has defined risk as 
possible negative outcome and opportunity as possible positive outcomes [9]. Implication of tools and 
techniques to manage and control of risk and opportunities is called uncertainty management. Based on 
Cochran complexity insights, [10] Williams demonstrated uncertainty theory. He explained complexity 
in terms of project uncertainty. This uncertainty can be uncertainty in goals or uncertainty in methods. 
Increased uncertainties can lead to increase in project time span, frequent change in project schedules 
and budget overruns. All these factors contribute for project complexity [11]. 

There is a burgeoning literature on R&D collaborations but there are few evidences of R&D 
professionals to take-up of complexity perspective on R&D collaborations. In view of the author, R&D 
collaborations become complex due to the frequent interactions among the stakeholders for joint R&D 
projects and their management at any level. Organizations cope with complexity at 3 levels [12]. 

1. Internal issues are totally  focused by organizations and coordinated internally on the basis of 
selected priorities 

2. Design complexities are normally coped by coproduction systems which are Jointly managed 
with other organizations 

3. At this level, complexity is coped by composing transactional environments, based on the 
trends as appreciation, evaluation and surveys 

This paper explores the different aspects of complexity and complexity enhancing uncertainties 
that influence the sustainability of R&D collaborations. R&D alliances can be complex depending 
upon source of complexity.  The R&D ecologies may include many polls as university, public research 
organizations, small firms, large corporations, industry etc and can lead towards organizational 
complexity or technological complexity due to many interrelated partners [13]. Trust among partners 
gives confidence to execute joint R&D projects [14, 15] by overcoming organizational and 
technological complexities. Knowledge sharing through R&D ecologies is helpful to reduce 
complexities among partners.  

This research contribution is structured as follows; section II briefly reviews the elements of R&D 
collaboration and its magnitude.  Project Management epistemic complexities insights have been 
explained in third section. Complexity Perspective on R&D Collaboration that and important 
complexity traits which enhance the complexities in R&D collaborations is discussed in section IV. In 
section V, author illustrates research methodology whereas section IV demonstrates the results and 
analysis concluded after the analysis of responses from respondents based on research questionnaire. 
Article concludes with the remarks by the author based on the analysis. 
 

2. R&D COLLABORATION ELEMENT 
 

Organizations are social systems, stuffed with individual discretion [5], Different organizations 
have different environments as contextual environment or transactional environment. Contextual 
environment includes economic conditions, economic growth, exchange rates, interest rates, politics, 
international relations, law and demography while later includes elements with which the organization 
establishes direct contacts with suppliers and clients [16]. Other than organizational environment, firm 
size is also considered very important for developing R&D collaborations. It has been accepted that 
growth of organization is independent of firm size but there is a positive impact of R&D on growth of 
the firms [3]. Partner’s technological capabilities [1], exploiting opportunities by high technology firms 
[4] and capacities of small and medium firms [3] are other factors which compelled the business 
magnates to establish R&D alliances. Diminishing marginal returns have been experienced by the 
business tycoons by enhancing R&D budgets for promoting R&D culture [17, 18]. Similar arguments 
have also been given by Guo on the basis of empirical studies [19]. Sharing of external knowledge [17, 
20], sharing of technological competencies [17, 21], attaining innovative advantages [22, 18] and 
overcoming technological complexities [22, 18] are stimulating factors to establish collaboration for 
articulated R&D projects. Above mentioned benefits triggered the business executives and 
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academicians to posit in R&D clusters (R&D Ecology) which are more densely populated by other 
innovative firms with the same domains for innovative incentives [5].  
 

3. PROJECT MANAGEMENT EPISTEMIC COMPLEXITIES 
 

Complexity is a measure of degree of unpredictability of information. On certain occasions, it is 
considered as the actor’s ignorance about reality [16] due to complex environment [23]. In nineties, 
Flood defined inherent complexity as root cause of project complexity [24]. Goals and method model 
of Turner and Cochrane elaborated complexity concepts [25] which were explained and expanded in a 
literature review of Baccarini [13]. He explained complexity in construction industry. Empirical 
research of [26] comes up with the verdicts that project complexity occurs during project execution due 
to technical complications (project’s dynamic nature, uniqueness of the project or project 
uncertainties), lack of expertise of the project managers to cope with forthcoming complexness, social 
issues (varied interest of stakeholders, risks involved in projects due to external environment, 
misalignment of culture and characteristics of project managers) and organizational dubiousness  
project teams involved in project execution or organizational structure in terms of its vertical or 
horizontal structure) [26]. According to Baccarini, projects are complex due to interrelatedness of 
varied parts [13]. In his complexity definition, he operationalized this concept as differentiation and 
interdependency of varied project parts. Technological and organizational complexities have also been 
elaborated by his legendary work in this domain. Williams [10] has imparted further concepts of 
complexity in terms of structural complexity with its dimensions as multi-objectivity and multiplicity 
of stakeholders. Jaafari [27] has added environment as one supplementary dimension to explain 
complexity. During his empirical research for determining the information systems' project complexity, 
Xia and Lee explained multidimensionality as another aspect of project to be complex. Fioretti and Visser 
[28] consider project as complex due to number project parts, relationships among these parts and their 
diversity.  In line with the work of above authors, complexity domain also has touched the boundaries of 
other research areas. Geraldi and colleagues have perceived complexity in terms of facts and faith. During 
explanation of these complexities, these authors also have determined third dimension as complexity of 
interaction [29].  Complexity of interaction encounters while people interact with organizations. These 
complexities comes up due to uncertainties as ambiguities among partners, inter-organizational politics or 
deep awareness of sympathy for organizations’ sufferings [30].  These uncertainties fall in softer aspects 
category. Similar views were provided by the investigators in past, that project size [31, 13] and 
hierarchical structure: vertical (extent of depth of hierarchical structure for a specific project in terms of 
stakeholders, vendors, suppliers or subcontractors), horizontal (organizational units in terms of number of 
departments) [13, 32] lead to complex scenarios.  Last decades have emphasized on environment, as an 
important contributor to project complexity [33, 27]. Project complexity is increased due to various sorts 
of uncertainties which make the projects risk prone. Relationship between risk and uncertainties was 
explored by Perminova and colleagues [34]. He has elaborated various techniques to manage the risk. 
Project outcomes are always deviated from its origins due to negative impact of risk, as risk is a 
repercussion of uncertainty [34]. Others as Vidal and Marle [35] have directly linked complexity with risk 
as major source. Complex scenarios have triggered project professional and business magnates to 
consider risk management seriously throughout the whole project management life cycle [36]. During 
managing the possible risks of a project, dynamic elements, structural complexity and interaction 
elements are very important to be noticed [37]. 
 

4. COMPLEXITY PERSPECTIVE ON R&D COLLABORATION 
 

In this research, project management epistemic uncertainties have been explained in terms of 
various complexity traits. These traits have been already discussed in literature during studies on 
project management and project complexity. Author has expanded the orbit of these complexity traits 
for R&D projects and R&D collaboration. These project management uncertainty aspects have been 
considered important by project management professionals and project managers during their 
interviews. Due to exploratory nature of this research, respondents were not aware of theoretical survey 
results.  This research has been conducted on the basis complexity enhancing uncertainties collected 
from both literature and empirical data.  

Mega R&D projects with unclear process and goals become more complicated. R&D projects are 
normally not clear for their timelines and outcomes. These projects become complex when these are 
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executed in articulated R&D environment. Due to partners from various sectors and their varied 
research environment, R&D collaborations become complicated. Joint R&D ventures always seek 
technological and intellectual property support for neo-innovations. Joint R&D projects become 
complex due to its complex methods based on uncertainty in the source of technology during 
development phase [32].  The newness of the product, technological innovations, number of processes 
involved to develop new product and extent of articulated R&D environment to bear the impact of 
frequent changes in developing new product lead to product innovation complexity. If methods and 
procedures are clearly defined and mentioned at beginning of R&D alliances, R&D collaborations can 
be sustained for long time. Complexity of a joint R&D project itself can destabilize R&D 
collaborations [37].  

R&D joint speculations require contributions from all partners to overcome technological 
complexities and getting competitive advantages. These projects can only be successful in terms of 
their timelines and budget constraints, if all partners are very clear about the objectives and goals for 
joint ventures. Partners with poorly defined goals of R&D projects and unrealistic timeframes make 
collaboration process hectic to come true due to increased complexities. Alterations in contract 
duration for R&D projects and uncertainty of projects also lead to complex premises. Product newness 
is another major complexity contributing factor. Higher number of modules or sub-modules and their 
assemblies increase technical complexities [6] which lead to complex outcomes.  R&D projects in joint 
collaborations can be situated in system projects. These are called complex projects due to interaction 
of varied systems and subsystems for achieving research objectives and goals [32]. During interviews 
with R&D professionals and project magnates, Chinese organizations have faced the complexity in 
joint R&D projects due to various organizations and systems. Distinguish work of Aaltonen et al. [39] 
has explored new dimensions in managing stakeholders during project execution. Dignified deportment 
of participating agents in joint R&D projects matters a lot [40]. For instance, bureaucratic style of 
sponsoring agencies increases the complexity in collaborative projects.  However, perspective and 
interest of stakeholders determine the level of complexity for joint ventures [41, 42]. R&D 
collaborations relinquish if tasks are not well structured.  These tasks may be in terms of sharing joint 
intellectual property, frequent changes by operators, limitations for stakeholders and reusability of 
shared knowledge-base. Authors as [43, 44] have provided the same arguments during their works for 
structural complexity in project complexity domains. Structural complexity is the extent of a task to be 
performed using specific knowledge, tools and techniques regarding that task [45]. 
 

5. RESEARCH METHODOLOGY 
 
Methodical exploration is endeavor to find new solutions and dimensions for future developments.  

Fig-1: Sector wise analysis of respondents 
 
This empirical research strives to explore stratum for complex behaviors of joint R&D projects. 

This is an experimental research which examines the perception of the researchers and practitioners 
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doing R&D projects. Humanistic behaviors create complexities for social researches [45] but author 
has tried his best to avoid such factors. Research instrument has been designed on the bases of various 
practices related with the R&D collaborations. Research questionnaire with the same elements has been 
constructed and deployed in Chinese universities and industries. Initial part of the research instrument 
explored the demographic information of the respondents. Next section of research instrument has been 
divided into three datasets. First dataset has used R&D collaboration attributes arranged under 
appropriate constructs. Second data set comprised with complexity traits.  
 

Table-1: Respondents’ analysis from each sector 
 
 
 
 
 
 
 

University 

Web Survey Sent 112 

Received 39 

Rejected 5 

Total  Response 34 

Respondents' Frequency 30% 

Paper Based 
 Survey 

Sent 59 

Received 32 

Rejected 7 

Total  Response 25 

Respondents' Frequency 42% 

Total Sent 171 

Received 71 

Rejected 12 

Total Respondents 59 

Respondents' Percentage 36% 

 
 
 
 
 
 
 
 
 

Industry 

Web Survey Sent 103 

Received 41 

Rejected 11 

Total  Response 30 

Respondents' Frequency 29% 

Paper Based 
 Survey 

Sent 65 

Received 26 

Rejected 3 

Total  Response 23 

Respondents' Frequency 35% 

Total Sent 168 

Received 67 

Rejected 14 

Total Respondents 53 

Respondents' Percentage 32% 

 
 

Overall Responses 

                             Sent 339 

                              Received 138 

                              Rejected 26 

                                   Respondents' Percentage 34% 

 
These two data sets were devised with factors collected from literature. However, third data set 

elements are related with complexity perspective on R&D collaboration which have been collected 
from R&D professionals and project managers during interview process. Responses were scaled on 5-
likert scale. All complexity traits have been scaled at agreement level where 1 denotes strongly agreed 
to 5 is symbolized for strongly disagreed. Complexity has been explored and discussed by many 
researchers in project management perspective. In the same way, R&D collaborations have been 
explained in view of many authors. But few researchers have explored complexity in R&D 
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collaborations. Author, for this study, has selected researchers and R&D professionals from 
universities and firms’ R&D cells to make a list of complexity aspects. 

Most of them were not aware about the complexity traits from literature. So they enriched the 
research instrument with complexity traits on the basis of their experience of handling everyday 
complex scenarios. A great deal of variance has been observed in the responses due to misalignments 
of cultural and working environment of the respondents. Faculty members engaged with firms have 
been observed to sign confidentiality agreements and were avoiding to provide information regarding 
collaborating partners and project nature. Due to restricted nature of industry projects, practitioners 
from industries were also reluctant to disclose typical information regarding these projects.  

Sampling problem was a real burden in this study due to small population that is directly or in-
directly related with R&D projects. Contact to contact technique was used to find out more respondents 
and to increase the sample. However, total population was based on Chinese Universities and 
Industries. Detailed analysis of respondents from both sectors has been presented in table 1.  

147 academic researchers and scientists were requested to solicit their responses. These 
respondents were selected on the basis of their R&D project backgrounds. 13 universities and 11 
industries contributed for this research. Indeed 34% responses were collected for analysis.  26 web-
based and online survey forms were rejected due to incomplete information.  Total sample was drawn 
from seven disciplines, including aeronautics, construction business, mechanical, information 
technology, communication, electronics industry and consultancy firms. Sector wise analysis of 
respondents has been depicted in figure-1 
 
5.1. Experience Range of respondents: 

During survey process, we targeted project managers and did contact through personal references. 
Contact-to-contact reference helped to find more respondents. Respondents were requested to provide 
their R&D relevant experience. 11-15 years experience group contributed as a major part this research.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig-2: Respondents' Experience 
 

Awesomely, we had contacted with project managers having research experience more than 35 years 
from both sectors. Detailed analysis of respondents’ experience has been shown in figure 2.  
 
5.2. Characteristics/Limitations of Research: 

Respondents form enterprises and academic institutes of Shaanxi province were not feeling free to 
conduct surveys in second language (English) due to less international exposure as compare to Beijing 
and Shanghai. To overcome this challenge, author used bilingual questionnaire developed in both 
languages as: Chinese and English for clear understanding. Due to very strict policies and restricted 
nature of R&D projects, author could visit only a few government research institutes and organizations.  
All companies and universities were visited on the bases of references and were selected on the basses of 
their involvement in joint collaborations. Therefore, this study didn’t use random sampling which may 
influence the study consequences. Sampling technique used for this research is non-probabilistic snowball 
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sampling where respondent were targeted with R&D project experiences. Project managers with few 
years experience of R&D projects were also included intentionally to enhance the research samples. 
 
5.3. Data Measures and Determinations 

This research has studied the relationship between complexity traits and R&D collaborations 
among academia and industry. Relative importance of complexity traits on R&D collaboration and its 
sustainability has also been explored during same research effort.  Data has been collected in non-
contrived environs. Sample size has been justified for this research using following formula, 

N> 50+8m 
 

Where N denotes the sample size and m is used for number of independent variables. 
In our case, m=7 (Seven independent variables), so N>112. Collected data is used to find the 

relationships between dependent and independent variables through regression analysis. Before going 
for multiple regression analysis to determine the relationship, data must be checked for its validity and 
reliability.  

Data validity has been assured for collected data using factor analysis. Kaiser-Meyer-Olkin 
Measure uses the sampling adequacy to determine the model fitness. Maximum likelihood technique 
has been used as extraction method for factor analysis. KMO values range from 0 to 1 and 0.6 is 
considered as minimum value for this research to conduct factor analysis [46]. Since KMO’s value for 
this research is 0.767, so we can go for testing data reliability. Goodness of fit test has also supported 
the results which are significant enough. Results for data validity have been depicted in table 2 

 
Table 2: Analysis of Kaiser-Meyer-Olkin Measures and Goodness-of-fit Test 

 

 
A measure is considered as reliable if consistent results are obtained on repeating this occasion 

many times [47]. Reliability shows the accuracy of the measuring instrument or procedures while 
validity reflects the degree of accuracy of the measure during measuring a variable, construct or item 
[48].  Cronbach's Alpha is used to determine data reliability. Alpha denotes zero if the true score of 
alpha is not measured. Alpha is considered as 1.0 in ideal situation when all items are measured truly 
and there is no error. Alpha 0.60 is considered as a lenient cut off for reliability estimates. According to 
Nunnally and others, Cronbach alphas between 0.7 and 0.8 are acceptable [49, 50]. In our case, 0.827 
Cronbach alpha for 27 items shows the acceptability of research measure.  Reliability for each research 
variable has also been computed where Cronbach's Alpha for individual variable is also satisfactory. 
Cronbach alpha for all variables is above 0.7. Detailed analysis has been depicted in table 3. 

 
Table 3: Reliability analysis for each variable 

Variables Number of Items Cronbach's Alpha 
ColCom 6 0.809 
CulCom 3 0.803 
MthCom 3 0.793 
PoorGoal 3 0.802 
StCom 2 0.768 
PSize 3 0.774 
ImpComm 3 0.820 
OrgCom 2 0.771 
LaTrust 2 0.802 

 
It has been hypothesized that data is normally distributed. This hypothesis has been tested by 

analyzing data normality through Skewness and Kurtosis of collected data. If these values are close to 

KMO and Bartlett's Test 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .767 

Bartlett's Test of Sphericity Approx. Chi-Square 229.521 

df 36 
Sig. .000 

Goodness-of-fit Test
Chi-Square df Sig. 

4.369 6 .627 
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zero, it is hypothesized that data is normally distributed. In the other case, alternate hypothesis is 
selected which assumes the data to be non-linear. In our case, skewness and kurtosis for all variables 
are measured and depicted in table 4.  

 
Table 4: Skewness and Kurtosis analysis for data normality 

 Skewness Kurtosis 
Statistic Std. Error Statistic Std. Error 

ColCom .320 .228 .367 .453 
CulCom .592 .228 -.367 .453 
MthCom 1.042 .228 2.323 .453 
PoorGoal .391 .228 -.687 .453 

StCom 1.096 .228 1.454 .453 

PSize .415 .228 2.717 .453 

ImpComm .311 .228 -.007 .453 

OrgCom .147 .228 .405 .453 
LaTrust .187 .228 -.192 .453 

 
Skewness and Kurtosis for all variables are close to zero except methodological complexity, 

structural complexity and project size. In these cases, we can accept alternate hypothesis in the favor of 
null hypothesis due to misalignment of research culture and working environment of respondents.  

 
Fig 3: Normal P-P plot of regression standardized residual 

 
As already has been mentioned that this research has used non-random sampling technique. This 

has influenced the results. Further details regarding data normality have been provided by normal P-P 
plot of regression standardized residual and regression standardized residual histogram in figure 3 and 
4 respectively. 
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Fig 4: Regression standardized residual histogram 
 

Descriptive statistics describe the general trends of the collected data and the pattern attempted by 
the respondents regarding this research. After validation of the data collected by research questionnaire 
during survey process, this data must be summarized in understandable way for its proper 
interpretation. Descriptive statistics tool is used for data summarization. Various descriptive statistics 
have been used in this research for clear understanding of data. Range of data, sample spread average 
score of each sample value and variation in data has been provided in table 5. 
 

Table 5: Descriptive statistics for all variables 
 Range Minimum Maximum Mean Std. 

Deviation 
Statistic Statistic Statistic Statistic Statistic 

ColCom 3 1 4 2.27 .644 
CulCom 3 1 4 2.41 .855 
MthCom 3 1 4 2.05 .669 
PoorGoal 3 1 4 2.14 .746 
StCom 4 1 5 2.35 .802 
PSize 3 1 4 1.94 .634 
ImpComm 4 1 5 2.76 .923 
OrgCom 4 1 5 2.29 .812 
LaTrust 3 1 4 2.31 .570 

 
6. RESULTS AND ANALYSIS 

 
This study has explored the intensity of various complexity attributes in R&D collaboration 

perspectives. It has been determined by the perception of academicians and R&D professionals that 
how these complexity traits affect the sustainability of R&D collaborations. Multiple regression 
analysis has been used to find the relationships among variables. Regression models can use either 
standard or stepwise technique [52]. Regression analysis requires some assumptions to be filled before 
starting the analysis. These assumptions include data reliability, satisfactory sample size and data 
linearity [53] which have already been justified. 27 items and 9 variables have been used for this 
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research. 8 variables has been used to measure the complexity in R&D joint ventures, are classified as 
independent variable. R&D collaboration has been selected as dependent variables. 
 
6.1. How Do Respondents Perceive Complexity Perspective on R&D Collaboration 
Sustainability? 

Project managers, practitioners and researchers were requested to give their opinions regarding 
various complexity attributes or epistemic incertitude to enhance the complexity for project managers 
while managing R&D projects. Attitude of R&D projects varies from other routine projects due to 
unrealistic outcomes or sometimes unexpected timeframes. Author has selected two populations for 
two samples. Academicians have different approach to perceive and manage complexity during joint 
R&D ventures than practitioners at enterprises. This is the reason that each attribute has been evaluated 
differently by participants from both sectors. Overall, all respondents agreed that above mentioned 
complexity traits have strongly influenced the sustainability of R&D collaborations among academia 
and firms. However, their intensity varies due to project management experience, least relevancy with 
R&D projects or risk ignorance. 
 
University: 

Figure 5 has plotted upon complexity traits in a graph, based on academicians’ perception and 
experience. Bar of the project size graph has attained the maximum height which is the indication of 
this attribute to have a strong impact to enhance the R&D collaboration complexity. Poorly defined 
goals, structural complexity, lack of trust, methodological complexity, and cultural complexity have 
been posited in descending order of complexity spectrum based on the view point of Chinese R&D 
academicians. Improper communication among stakeholders has been postulated at bottom of 
complexity model. Amazingly, only this construct has been evaluated on the disagreed scale by as 
many respondents. Most of the respondents have assessed organizational complexity as not applicable 
due to not having direct interaction of the respondents with collaboration partners. They have been 
reported to execute R&D projects whereas (Transfer of Technology) TOT office is responsible for 
handling managerial issues. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig-5: Perception of respondents for various complexity traits on collaboration (University) 
 
Industry: 

Like academicians, R&D practitioners also have same perception for R&D collaborations to be 
complex due to poorly defined goals. R&D alliances become precarious if goals and responsibilities of 
partners have not been clarified at the start of joint ventures. This factor has also been emphasized 
during interview phase as most of the projects are unable to achieve their goals in terms of time and 
cost due to goal complexity. However, other complexity traits have been arranged in descending order 
as organizational complexity, project size, and methodological complexity, lack of trust, structural 
complexity and cultural complexity. Improper communication among stakeholders has been considered 
as not applicable by most of the respondents. R&D professionals are argued that improper 
communication becomes hindrance in the case of different cultures. Overall, all R&D professionals 
have considered these complexity traits as very important. During joint R&D alliances with academia, 
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these complexity traits are necessary to consider at each step of project execution for sustainable R&D 
alliances. Figure 6 has presented the detailed analysis of each factor based on the score given by 
industry professionals. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig-6: Perception of respondents for various complexity traits on collaboration (Industry) 

 
b. Complexity traits have significant impact on R&D Collaborations 

Regression model has provided evidence for model fitness revealing strong multiple correlation among all 
complexity traits and sustainability of R&D collaborations. All complexity factors have depicted strong unstandardized 
coefficients (B) values for R&D collaborations. T statistics for complexity due to R&D alliances, cultural complexity, 
poorly defined goals, methodological complexity, structural complexity, project size, lack of trust and organizational 
complexities (2.797, 1.988, 1.197, .264, .148, -.656, 1.134 and 1.766 respectively, where p<0.01) for respective B also 
provides strong evidence that the relationship among these factor is not non-significant.  

Traditionally, improper communication is considered as very dominant factor to increase complexity during 
project execution. Literature layout on R&D collaboration has also emphasized on proper and positive communication 
among partners [53]. But breathtakingly, communication has gained least importance amongst all other complexity 
enhancing attributes. Results deviate from author’s perception due to negative B coefficient, related with improper 
communication construct. This inverse relation is an indication of this construct to be not significant. Other traits are 
contributing to enhance collaboration complexity. Independent variables with their coefficients significant level have 
been depicted in the table 6.  Respondents’ perception regarding lack of trust construct is higher to increase R&D 
collaboration complexity. This regression model strongly supports our hypothesis that complexity traits strongly affect 
the R&D collaborations for strategic projects. Positive correlation among the variables provides the evidence for the 
fitness of this model where author supposes the complex R&Ds because of various complexity traits. Correlation among 
all independent variables has been depicted in Table 1 of Appendix A. 

 
Table-6: Model Summary of regression analysis 

  Unstandardized Coefficients t Collinearity Statistics 
B Std. Error Tolerance VIF 

(Constant) .893 .342 2.607     
CulCom .205 .073 2.797 .790 1.266 
MthCom .181 .091 1.988 .834 1.199 
PoorGoal .104 .087 1.197 .733 1.364 
StCom .125 .094 .264 .549 1.821 
PSize .114 .096 .148 .831 1.204 
ImpComm -.054 .082 -.656 .542 1.846 
OrgCom .112 .098 1.134 .483 2.072 
LaTrust .262 .148 1.766 .431 2.318 

 
CONCLUSION 

 
This research article has been drafted to pave the way for the project managers and R&D professionals for 

characterizing complexity traits in R&D collaborations. A framework has been presented to list down complexity 

238 



Muhammad Fiaz et al., 2014 
 

 

enhancing agents during R&D collaborations. These agents have been collected from literature and enriched by the 
interviews with R&D professionals and project managers. Scientific approach to execute R&D projects requires more 
care due to involvement of many stakeholders and agents. Interactions among partners push R&D projects towards 
complex premises. This research has demonstrated various complexity attributes and arranged them in sequence on the 
basis of scores given by the project management professionals and practitioners. These complexity traits have been 
arranged from top to bottom as most complexity enhancing trait to least complexity enhancing trait in table bellow, 

 
Complexity Trait Position according to 

respondents evaluation 
Lack of trust 1st 
Cultural complexity 2nd 
Methodological complexity 3rd 
Structural complexity 4th 
Project size 5th 
Organizational complexities 6th 
Poorly defined goals 7th 
Improper communication among stakeholders 8th 

 
Applying the above framework with complexity traits for R&D projects results in footprints of complexity for 

better handling complexities in R&D collaborations for its long haul sustainability. Complexity is dynamic in nature, so 
its repetition in R&D projects is foreseen. Inductive approach with combination of literature layout strengthen with 
professional’s interviews has enabled to make research instruments with 27 items and nine variables. Elements for R&D 
collaboration and complexity attributes have been collected from literature. For complexity perspective on R&D 
collaborations, R&D professionals and academicians were interviewed. Trust among stake holders, misalignment of 
partners’ culture and clarity of goals and objectives for joint R&D projects have been emphasized to sustain R&D 
collaborations.  
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Appendix-A 

 
Correlation Matrix 
 

  Col 
Com 

Cu 
Com 

Mth 
Com 

Poor 
Goal 

St 
Com 

P 
Size 

Imp 
Comm 

Org 
Com 

La 
Trust 

ColCom 1.000                 

CulCom .371 1.000               

MthCom .280 .245 1.000             

PoorGoal .276 .260 .183 1.000           

StCom .167 .289 .317 .217 1.000         

PSize .130 .031 .199 .343 .061 1.000       

ImpComm .049 -.079 -.023 .103 -.019 -.041 1.000     

OrgCom .054 .032 .236 .227 .601 .089 -.025 1.000   

LaTrust .212 .049 .097 .339 .233 .154 .590 .402 1.000 
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